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Abstract 



PROBLEM TO BE SOLVED: To prevent fracture in a crystal when an electric field is applied and to form 
a thick polarization inversed structure having a high aspect ratio by including a process for the formation 
of polarization inversed structure to apply a pulse electric field on a ferroelectric crystal substrate twice 
or more times to form a polarization inversed structure in the ferroelectric crystal substrate, and other 
processes. 

SOLUTION: The insulating film 4 is formed to several 100 to 3000 &angst thickness which is enough 
thick than the thickness of a comb-like electrode 2 and an electrode 3. The comb-like electrode 2 and 
the electrode 3 are easily obtained by forming a Ta thin film on the surface of a MgO; LN crystal 
substrate 1 by vapor deposition or sputtering and by using a photolithographic process and an etching 
process or a lift-off process. The insulating film 4 can be also easily formed by sputtering or the like. By 
applying an electric field on the MgO; LN crystal substrate 1 by using a power supply 5 through the 
comb-like electrode 2 and the electrode 3 thus formed, the polarization inversed structure 6 is formed. 
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^m±~r^tc^>( e C. miOTPIL 1SO'L2^:2 0 0 /i 
*CS«:fi«-rs/c«>K:. »lML2^400mii 

ntc^tor. S3 (b) (Dti^tcW. dUSWCCRI— 
CD^PiL3^2 0 0 vmlXrtC&M'?2>C£1Fajm-C$) 

z>. xmmmmicte^Tiz. commit 3 % 5 0 

4 0 0 am©lffl"Cfil^«:a!^t$'l*r»J5K^aH2^*|ISS 
[0 074] kLhCD<£ *3M6JBS8tC*jCir«, M 

0 : L NMb 9 bI^ ^MMM^g^f T-^f^t 

[0075] *tc. m&<Dfr&&&m&<Dmrftt&i,cte 

M&rjA*. C<Dtc#>* MtLIZV* 'Affile— itccmiKP 
[0 07 6 ] *3|j6^«K:*jCir«, Mg O : L 

1 N b O 3 eIb (J^T, r L NJSbIJ i^*T^> , L i 

fc, ±sB©»aa©x*^ Fit, y*^ his, ro* 
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[0077] g/c *n*s»J8«:*$tir«, mmmm* 
m^xmrnmco^mmmmm^mm-r^m^^xm 

ftStTJ; ^^KMe^TSc i^r^r, Mg 

[0 07 8] (*2 (D^as^) *3|j6S^K:fcli-C 
MgO: LN*»»«OBI— *M±«CJBJSE3nfc« 

^ u xmmm&f x ^r^^-r 

[ 0 0 7 9 ] MgO : LNI&Htt. LiNbO 3 fe a 0 tC 20 

cncc<fc0fii«»*sfi<3&Sffl|pl«:&-5 o fig 
-or, #«5SS«S«:f£*&«BE (KT, r semJEj 

Office* -5. MgO: LN3BS©*^WttH<b 

LT-^m^fift^# < , 5 m o 1 %m&&Lk<D 

MgO K-^SCCfeCiTtta^lflflRftS^^l^iC^ 
W*5 B &*>\ MgO: LNttB©i|6fi5l*±tfK: 

iitit ^o^s^ftftsti-cfeo, m— ftmitzti 30 

fcMgO : LN*g B ^^pJ#g-C4>^. 

[0080] mmmmcj: zmmmmcj: k> m g o : 

«0C, MgO: LN*ga*ffiO»ffi*|aji«t3!^tf^:* 

x*?^ y*?* &a*y#? hmmcte 

i ^ r « . loi — £® ft tc 2 ti & c <h (C fc & „ 

^^J^n/c^ttcDPalK:, MgO: L NMb b h©^ 
5m<D^i®] (-CWWJ) tc**^ffi(D»i#<a<fc£<J: 
^«kV/mm-^l 0 k V/mmCDmJEE3:EPttrr £ 

[0081] se*©««n»n«:cfc-5^ssK« 
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/im«±tc&s) . (b) mewmmnLme*. 

X'$>-?tc 0 

[0 0 8 2 ] fCt$W^tt t**<DS||lEnMStC 
*5tt£X*7* hCDMgO : LNJSS»«^OS»3t«<D» 

[0083] com^ommmiMz* m4 ^-rmeLx 

hOMgO:LN^ H 0 H IE 2 0&£, Mg O : LNMH 
Z>mWtt, 2 Hi, O^OMg O : L N*£fi 

^ffi«ra^<fc^cc^fiR$n/ctt«iK. 2 2«m 23 

«^fiSSti-5»SSR«jSr*-S. &tc, 2 4tt, Mg 
O : LN*SH*«1 9©»ffi^rpJ"r*S. 

[0084] cooi#. ^@>pt2o«, mmvt'*z-> 

0 a^Mg O : LNlg^Sfi 1 9 C0 + C 

^^«* 2ms-10si L/Co EPflDTSWERTgtt, 
[0 0 8 5 ] ±IE©*aT?^ffi5IS«l5S(0?gSt*tfofe 

[0086] *BB»Ma», wm'wxmmtcn 

*r6KOK*««3Wi^gJKR«jg2 3<D^5 d <bC7)i:l:d/ 

w) t<omc ffiH^*sci*mao/co mi* ^ 
^ s jjfaj&v&mm.mmm 2 3 (D^»wrfii^©E^ 0 
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[0 08 7 ] CCt. «fiS3*lfc#6SI£«jS2 3<DT 
i&2 3(Dm^d <fc. EnJn^^bX«SIKO^<iUXCaiC!>IH« 

E»JS2 307^^ hit (d/W) » % HWJD' 

[0 08 9 ] £/c. ^^K+g^2 3CDJP2 dtt. J*JV 
(J£TF. r^mBEj £ffcT£) *HK<fc0, #es« 20 

UBS 2 3 tC^CiWotC^ 0 ^[II<Z>tfe 

MoiJz^ic. mm\)Mcj:^T:MgO : LNSfilfil 
9 0rt8P«c»ffiJ£K*iS2 3 3^0J«Stl-5BR«Ctt, ^IS 
ITOMgO : LNM B H H iil 9, MMgO : L NM 
OSC 1 9 ^rtSBT* ^r^ffiSR«iS2 3 tmWu* to 

K»Jft2 3(Da^^©E^0<DJ^H«:3te-5i*iLe>n 

fmESmm<Dj&R&*i%-- ccfc*. CCT? 4 ±Kt?» 

IBM <b ©S&cfcbtfl U . / ^xm^©'*^;* fia*A # i » « 
£\ ^T3»S»A#< »ffiSR«jft2 

fCMgO: LNttS*SrtCciftn-5«Sft (Zi&mtit) I 

Qi ( = R 1 xi 1 1 ) £C»5KH«:<fc»K m^EPflnOFgfc: 40 
MgO : L Nf£^«z 1 9 ©rtSPO^^ISltficWgJjK 

tt©*0Sl^flc$tl-S»ffiJ®IS*jS2 3CDTX^^hl:b 
©MSWBBCC £ 1 htl £ o 
[0 09 0 ] £/c, 3m»IS#OMHCC «fc 0 , BfltVW 

Effltram^Atr 5^4 — 7 kV, EPfin^UXCI2 0ms 
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»fiS3n5»fiaSIE«3S2 3*5/hS< % £/£^— 
CCftS4l^Ci3Wb*ofc. #tC. 5kV/ms*i 

5 k V/m sJM±©S£fe±^^3SKec*jl>"C», ^ffiJS 

[0 09 1 ] *«c, «fflft9&^x&<*ti&&&£4Eflt£ 
[0 09 2 ] fui£Ufc<£ 5 tc. »ffiJSK«JScwgJiS«Ftc 

t&o tot, *M<&**iftft£c©^ i 

«aaJKR,itCiBH-r-5JftfiQ a (=R I xi 1 1 )^ 

9S#CDiI@ <W;U**Wfcmffi2 0 a©«SJg©5te«8SP3te 
£*) ©Sififfiti, ftfifiR«i2 3©^CC#*.£i5S 
#A£l>. 

[0 0 9 3 ] »o*J(30W»*ffll^r3H»^fTr>/ciC 

-Stat. ^S»i§2 3©7^^^ htt©*08P**U 

fitr&t**4t^T«. mtfTa (£>*;b) . Al 
(T^5— . Cu (H) t Au (^) . Ag 

[0094] a**. «ffic[>ffiK*/h$ < -r-s^rffii it 

m^il^^r 1 0 0 0 AJ^±iT^C<bK:<^0. ±SB©» 
[0 0 9 5 ] WJiOcfc^«ct«t*g^^SiLT. 

liT, ^Jl/^ng2 0 m s J^TCD^^^mW^rtPJjnb, 
*fc. ifiSfeittffiriSTa, Cu. A19M 

i^2 3^?#€>c<t^r #/c 0 
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[0096] ufrL. m— ^jvxmnttfltinicte^x 

JBJ5S3n-5»SSK»CD^$«ft 1 . 2 wmilt 
^VU^ti^r lOmsi ^S^bX'^Eflfln^ffo 

[0 09 7 ] JgCC. fflittf 10ms (DaVI/XIWT 1 0 
B®^£'<JU;*En{n]«:fT ^ fct§^<!: k 10 0ms <ZV<;U 

K<. »ffi^^2 3<oaJB*^©K3W0»*>r*> 
hJ£RC*Bsi— t£<D[6j_h^L < . «FtC 5ms J^TO^JU 

xmwtc*jc^«, m$ n/c^K*ii 2 3 ©^fig 
[0 09 8] £/c. ^^uxcD^m^^xep^&^T 

w»»mr< *c£ccft*. -ec-c\ cn^i^r* 
Pi) BX£ («^.«8fc»BiwrEpj!ni-r^) c 

<fc«:<fc*K ^UcM^^iil-^Ci^t 
£fc 0 ^ftWCCWU WW* 3 0 ms kLL<t1-&C 

*b*Tft#>o/c e 

[0 099] *|«g©*2 (DUis^SStCtewe, Mg 

tc&><Dmmjmmz. 9t^mALoxn<otcm T ox^h 0 
*mm&mic*si,>xi*. ss^ftgai 9^s^2 50 
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4Kim@2t2 0£ff2/&O"C. ^EPflnSrff^o 

[0100] ss*t 2 0 zmmtztt 

ntuxT a^m^tcm^^^^xmm-r^o cotz 
(Dmmtz o©i$^i 00A-200 oAiur. 

©f!62 Oai^ h7^7*lg2 0 b i<Dm@r^Plti 
1 0 0 M 0 0 0 /imi 0tc 0 

[0101] »ese«5S2 3 0J¥S£^X£l±&fc#> 

-C&£ e l^U, m«fifii?5-2 13 132^ffi 

(19 0 amOTOii^) mflWftlORSCcmffifffl 

lJd^o/c c $/c, «fKX#* b&VYXv hSSfCfc 
t^ttt, »ffiS«»S2 3^fiEfi^SBRtc % t»f^2 

0 a mm* c t«sLfc»ssK*a 2 3 

■T^^h7^'li2 0bK:IlWC, M^*f2 0 
^»i!Ufcttt»CC30:-6/c«?>«:^SSK*jg2 3<D^@* 

r^©JSfia*±£*K c*i#, j^ffl:frft^o^— ftj£ 
# «3 ^ -r s m@ cc ft x ^ „ 
[0102] ctucjpto-c* #^tt»!6cc;fot,>-ctt* ^ 

m-?2>Z±&X&2> 9 fMU ISrWHOOOym^ 
iSj— Cc^co/c. mffiPJH<fcO'C»2 0 0 am— 

5 0 0 MDKDi^C^ ^j—-ci^rx^^ htbCDiPl^^ 

[0103] mmm2 1 s i o,*>n b,o 5 

ft£©R«mrt4£fl3l>T. «S»2 0MMgO: L 

«»6BI 2 1 m&<om$ £*) t>+&*:& < 

ft£<£5fc:. Wnl 0 0 A— 3 0 0 0 Ait^. 
[0 104]^^^ J^»M*^^^->€rSF-3« 

mmm2 0 a$:«i2 1 rac^ nrna©Mg 
o : LNgiifii 9<omm^mmm2 lti^ci 

i ft & R 9 ^ ^ 6 CD^OK^^M G & C 

£#-c£& 0 cn«. ifeii2 1 1 uxmmmcom^m 
mmzm^zcticx-ox. m^^oinii?© 

[0105] J^JiCDcfc ^ ft*fiR**iJffl n^>^ 

[0106] m&M2oiz % mm^x^y 2 vis^mc 

Jz^, MgO: L NiSfiSffi 1 9 ©*ffiCC«®5*^ 6 
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sscc«fi8T#s. tuns 2 ios«g«fe, 

CW^lt, «fi^2 0&CftKttH2 l&J&f&Utc 
MgO: LN«SS»«1 9fc*fLrS»HJ»P^f ^Ci 

grO : LN,fe H a SIl 9<D±fcmffil&ZtotdBmm2 
1 *fl*LT«ffi*t2 0 CCi*«^e*ffft!!3-e\ 

LNisaifii 9(*:wm-?z>c £tc£~?xmm-?z> 0 c 

<D<h£. MgrO : LNftflfflgl 9© + CttflPJCCEH3 
*ift:8WeSffi2 0 a cowaa*. - C«WBCC|BKStiA:X 

EPME«kV/mm-tl 0 kV/mm. EPftjB^ 

#2 o m s \xr<D^)vxnn&m&M£m? &z <lk: j: 

[0107] #JxJ£. 1E1 0 kV/mm 1 -rOl/*ffl5 
msCD^bxmW^m^&CiCCj:*), 1 . 2 um<D 

mm%<D(%tcttu-c x M3ns^i^s*j§2 3<dci 20 

[0 10 8] CftfclJ:^ #Jx.&£3 ummM(OmmtK(D 

[0109] _blfi<Dcfc ^^^M^*;bxmWEnftn«:*5C^ 

T\ 2*7C^EP»DSecJ:^»ffij^^<z>^^B** 
tc a S7fC t *^©*2(D|||fe««8(c*5WS % 2^Ctc 

[0 1 10]i7(C^t k 2 5«^— #S{fci**l/cX 
bCDMsO : LN|£ B B H li 4 26(i, MgO:LN 
MH§^2 SfCfcl^^ 1 ©£MrtCD#afrfaCc^2 
ntl^^iM, 2 7lt 11^2 6^t?MgO: L 

Ntts^Bs^a 5 jz 5 titcmmm. 2 8 2 
(D^mtrcjfmznx^&mm. 2 9«nr^,^ 0 £ 40 

H@*t2 6 5t OT«A^->^^S»mi2 6ai 
^h7-Y7'lS2 6bi^6^53, WH2 6a^M 
grO : LNSSSS2 6C0+C»WJK:ESSnrfe^. 

«0tl^ e Xh7-r7 , Ii2 6bili2 8 

i^r^il-r^CiiCctO, ^EA^CD^t!*, MgO : 

l n ts&mm 2 6 (omprtfa tmz £ cc mmcm>^ 
^7cm^En^<tt^-^ 0 50 



[Ollliafe, *H»»J8r«, Sg*t2 6^0'^ 
!2 8<DWf4%Ta<!:U cn6©§li2 6M 
2 8©f^^l 00 0Ail/c o £/c, *&»K2 7<D*t 

[0112] «±o<fc^!&*«EK:*jCir. Ji^u/c^m 

^2 5COF*9a5tC^O^^^^n> hO-W^ci 
a*nJiBCc#£. cnj:0. MgO: LNMb b bII 2 5© 

$cJ:*K iElOkV/mm, ^l/XS5ms©A^ 

sci^r^. *yfccot*o»fiaE*«3 oof 
[0113] «±o<fc^tc, &$m<Dm2<D9m&mic 
o#«wfate»^Tie«$ftfcm^*^u com 

[0114] «i*tt % m©»»*»rtttwofc«fc5 
[0115] L//pu % ^s^^i/^^i^Epsntcfeiirtt, 

£ t » 5 a * ^x. /fcisB^ v *C £ ft: En^niel^ *'p ta 

[0116] *»wectt % ^lOBBJi-rtfi^^ttsK 

«KS^ffitc*5i>r, ( 1 ) #«KR«j6<Di««*fij<D 

En^n^c^c^r, 1 leicDEnfln^/c^ ccjBfiR^ns^ffiSK 
("r«cto^ETO!niia«***<'S"S) > 

(2) ^(Dlt^WfjS^Mt^, Ettf 
(3 ) B7^^ htt*WT&»«SK«»«:»tt-r 
iC^3o©*ft=€rS8/c-r*ffi<bLT, II 4 

(a) 240^ (b) ec^t-*ril*W^-S«»Hiai3R*«C^ 
X, ^SSjEfl|jSO^J5»*K*^. HI 4 (a) J&& 

(b) *^<D»2©HSfSJBS8CC4$lir % ^^tc 
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[0 1 17] ^r(Om^. C<DmmffiJ&lCtei,*T:. Mfc(D 

[01181114 (a) m? ( b ) ttfc^T, 5 9» 
*-»fiffc3tlfcX*y hOMgO : LN*£BS«* 6 
0«, MgO: LN» H B BSfi5 9 {c*j^r» 1 ©il± 

mmztit<immvt^z->*n^mj&m&. ei«. 10 

MgO: LNSftS«5 9CC*JC>-r»2<D^ffiJhK:jgJSS 
^n/cti, 6 2tt MgO: LNM B B B Sf 5 9 CCtet* 

r*i(Diffi±ccjKfiS$n/c3»^ttB. 6 3«, 

£5CCjg^$ft/c«ttflk 6 4^flr*^. 0 6 

4, wiieo, Ro^se lowftitesisft-c 20 

«JB«S6 0*5MfirO : L N3ftS»«5 9 ©+ C 

*w»jtcieasnr*5«5 % ^mttjse 2 a-c^j^is^ 

Stitl^. 014 (a) SO* (b ) &C^2ft£ 

fltesec^^K^sce 0, mme i v &o*asmttJK6 

0 0Aib/c o gfc % tt3jRR6 3©«**«S i 0 2 "C& 
0. Jl££2 0 0 0AiLfc o 

[0119] &*>\ 014 ( b ) CC*5t»r», 497&mfi 
[0120] tiJi<DJ: ^^«fiR&c*5^r, «9^«ee 0 

d . ( 1 ) ft *#ej5«»s 6 5 (D^w^i- 

tcjB^-r^ci^qji^-c&o, (2) n 
WEfisnr^^^^ft^m^^^s^rnjm^^ h;u 

6 2 (^»*5*D«>i-r^a»«tt**WOJH) ^SElT^ 

2>ctfcmm-?z> 0 ctn,c£t) % mmmme ocommm 

2>. ^1^IM6 5^Mt^/cl»iW^ 50 
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«>> *»WO*l©3liWBS8"C^LfcJ:^«: % »IHH8 
[ 0 1 2 1 ] H 1 4 (b) CcfeC^r 4>|^«(0»ffiJSR« 
[0122] J£Lfc<D«fc 5 CcH 1 4 ( a ) ( b ) (DM 

ft<Dfg^tc*5or^, »fiffi»6 2 (^i^{jc^t-r 

>£>rU) , Al (7^^-)A) % Cu (m) . Au 

(^) , Ag («) «o:D«)4«aWtttma*Jffi 
J&*pJ*gr£>£#> ttCCffiBU&P 1.0X1 0- 7 QmJ^T 

tfmffi3 cere* UTttWi//c<fc sec. mwenttiB^cD^ 

2<Dffitafit#s, »J5£fi[Stc«cl?^-rcc, ^<Df5Jft©Sfc9> 
tC*5CiT*>2 0 0 Q £«A frl><fc 5 KT£C £«:<*: *K 

[0123] HCC, 014 ( a ) SO* ( b ) <DWtl<D& 
fSCCfeC^Tfe, MttR6 2 ^«t^%&6 0 i©|fflO|ffl 
K£2 0 0 Mm<fc9 fe**<»5£Tfttf, <=fc9*#fr1f 

mnEP»n«F{ca»^ttjB6 2 £ wees 6 0 ^gdp^-c 

[0124] fcfc, *gQfe»*S«:*5(r^r». MgO : L 

n«sss«2 5iur#-^i{i:$nfcx^ * hcDMg 

[0125] MgO : LNfe B B If2 5 £ Ut, 

nJtlKlJtcS, C<Di#^tC5i, MgO: LN^aSS^ib 
tc. ttum'HRl 0 tfmCDf^tMgO : LNttAOl^ 
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SUfit^ (fflldUttfL i : Nb - 1 : 1 ©i&S) jWSS 

[0126] *^Bg»S86C4$tir« fc SJWtK©^ 

^<Ht»©»*6«l>T&^fcj&*. MittiMgO: L 

*©^»<D5fe«ffi:T<fc 0 »ffiSR«jS*»fiS-T 2>Ci id 

[0 12 7]**:. *SBS«SSCC*5i*rW. ^ilM 

[0128] (^3©H^i) *3Ufe^tCfel^T 20 
tt k MgO: LNft H Wfi©Z*? h««CCfel»T. *f 

[0129)18 (a) «, MgO : LNM H a H (DZ*'> 

fc> i8 (b) 18 (a) *-Yi^6fifc»^© 
[0 130] MgO : LNttfitiDZ*? UStCfcUt 
CCDtctb. 18 (a) (b) fc^VrJc^fc:. fikfcCD 

[0131118 (a) (b) tcfetiT. 3 1 

— #ffiYt3ft/cZ*7? h£>MgO : LNIS h h bI^. 3 2 
tt. MgO: LNi B M3 1 0 + CttfflJcOSffiCC^ 
$tim»^->^ogf Ii3 2 a iMgO : 40 
LN^Ig3 l©-CiI©iIfcM3n/clg3 

2 b <b*>5&£«B&. 3 3{J, W^i3 2a^ 
MgO : LN«fiS«3 1 OH! 1 (O^M^W. *> <fc 5 

*ifc«m^M~C£> «5 v £ /c, 3 4 «fiKBL 3 5 

S3 2aO«S»MtS«. ®Sc$n^eSK*ifi3 5 
OJMHCCjtfjSOrc^. £/c. m@3 2bCD®Mti> 4> 
fc< ifc»»«fi3 2 a©lSJ;53^< . dnfg 

3 2bC0{i^. B01i3 2a^20il(cagl 
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[0132] ^wmmm<Dmt(rc £ v % c<dj:^> 
coffee >r . mx-Um l ©^BSJKJ»a:(r»«»2 cmi«s 

t^Citt BITCi&ofc. CtiW. »SJSIE«afi3 5 
2* MgO: LNtSSlfi3 1 ©WS^fiKCfiSSrSfc 
m@JB05fe^ii:TOi^^S^3 1 O+CMrflttffiK: 
Mlt-C ftW fa JCW>otffilL /c^gJSUfctf ffi 3 
5#-C*MH<D£ffi (-C#»'^) tciiJjtLfcMffl 

[0133] 19(a) R£>* 

(b) K^T<fc5£:1QIWi;fin^ («ffiB2fi£) <hLt, c 

[ 0 1 3 4 ] 1 9 ( a ) tt % *^W©»3 ©H*0S8i 
*JKflt-rSA:«)OS»ElW0lRO«fiS (Affiles) <D— 09 

a*wtc»wr^/c«e>cD*4aBi'c*'5. s/c 19 

(b) W % 19 (a) ^r- YM^6m/cti^cr>KDBl-r 

[0 1 3 5 ] 19 (a) Z&O* (b) CCfcHT. 3 6«. 

^@{L^n/cZ^^ hODMgO : LNttSSfe 3 
7att, MgO: LN«ai«3 6©+Cttl(l©iifiK: 
M^/c^^->^W^i, 3 7btt, 
M g O : L NM H s H ifi 36©-C ttWJO^ffitC^S ti 
/ell, 3 8(t ffifl^S 3 7a ^OM g O : L Ng 
SS« 3 6 (0^ 1 5 <fc 5 CC JgfiR a tlfc3»»JB 

T'£>£ 0 3 9»m 4 0«, HSJiKStl&JMBK 

CD^ffiSKflKS-C*^. C(Oi^, Sili3 7a(Dl 

mmm3 1 ^<r>wm^^^< . ^■om©3 7bo(i 

S*«, «l»«&3 7 a 2 ®4 1{C tSK L fcffiB^* 
^^MgO: LN8S1S3 6 O- C$MIKffi_hfc:gB 
l$ntC^ c 1*(DA«, C©li3 7biaflS 
3 7 aiCD^OIB^-rncDA^^^bri^o &*5, 

[ 0 1 3 6 ] *JB»««c*st,>T MgO:LNgfi 
S^3 6 <hbrj?5i^5 0 0 umCOZ&v HStS^fla 
l\ ^^^©3 7 a(D^^gii, I?40^250m 
m. CIl urn, W3/imtMUc 0 ^/c, 1^3 7 
b JJ, ®?f^mS 3 7a^2 (O^ffiicg^ O /c{4^cfc 0 
^o-i ooam-re>ir (*T^^^A=0~1 0 0 u 
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[0137] mmmm3 i aso"Si3 i b zmmrz 

ttQtOXte, Ta % A 1 (r;i^~^ 

A),cu(a), Aute), Ag as) «*ttD«e> 

10X1 O-'QmOTO^fflC^Citcj;^ 1^ 
»ffi<**i£#ffiJKjgfitj&4 0<Di*i— 

@3 7aM3 7b(Dil$^l O0A-340OAi 10 

z&m^x. mmmm3 i aMMgo : lnm^is 

3 6 <DlH 1 (D^ffi*^CC«5 <fc 5 K.imi&f&~? i» 
MM3 8 mffi#3<fc 9 5 
«10 0A-30 0 OAit^o 
[0138] J£Lfc(DJ: 5tt«H«*iSK: J:**f£SS»8S<D 

[0139] mmmm3 1 asaf««3 7 b 

XA'^ij>^fU0MgO : LN3BS*«3 6Sffi 20 

&C>*3 7 b£/rOT. «»4 0%^tMgO : LNg 

i*i--tt©Kir^ja»KO^ffiJSE«3S4 0 *J£«fflW:jgjiS 30 

3&ft$tC7)*T\ MgO: LN8I1S3 6 ©_btC»#?g 
jat$ti/c«Jg«ffi3 7 a^'ti3 7 bOC. tt«t3 8 
£^OT^S«ffi*»«3l2\ cne><DH@3 7 aM 
H3 7b^l/r, WOQ^^O/^W^Mg 
O: LNJBSSS3 eccaiSp-rs. Mgr 
O : LNSSSS3 6<D+CWfiijK:ie®^n/cffi^m@ 

3 7a cD^(i^\ - c mmtc&w ztitcmm 37b on 

1 0 k V/mm"Cfflm*$f3lfr2 0ms i^TO^X 40 
«»*«RHEPJirr4CiK:J:0, *W£Pfln*fT5. 
[0140] BU^U/Ccfc^tC, MgO: LN8W0Z* 

* ha««:*jcir»ffisi£fltjfi4 o«»sm-&j»^ » 

ffiKE«ffi4 0#MfirO : L NM H B HSt3 6 (Omttft 

tfi. + C HlffllC!)»lg 3 7 a £ - C #{IiJ<DM^&f£ L 
fc<£g<hffifcoTl> MgrO: L XfiA&fS 
36©+C NM®£BtC?fe£ L/~C — C ffcfrft tCffij*> o T 
l*SLA:^SJSR*iS4 0 ©— CWfflO^ffi ( - 
CUIHO^ffi) CciiJ&CfcBflBJC Sfl®37ai^ so 
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fi3 7 b t*s*aOA:«aSCC^c0, ^eSKtfj^4 0<D 
W&Ktt, ^ffiffiOfii* 2 5 0 MmtC*f LT. 'i^^C 
0 vm%H£X$>-otc 0 

[0141] ctKrcMux. ^mmmmx^t. ±m<oj: 
see, -cmm<D£mt l cmf&zti2>mm3 1 b&m&n 
m3 1 8L<ome^mtmtj:^rxi>j: j ?( ( cmm'r^ct( f c 

ggKtr&o f^C* Bff^m^3 7 a £H^3 7 b tCD&m 

jg<E>g£ 2 5 o ym^ir, frWx$m&<o&f&mm 

(Dfe&t)*. 0 0 MmJ^_HCT£C<t 

7 a ©!s:Kta«3&>^«tn/c{fi[accie{ff-r c <b cc £ o , 

[0142] ^mmmmx^ &mjx.$zmm&m3 u 
m, nsmm&4o<omm^<o^ifii. sum, n 

ffiJgKfS-^ 3Tc^|oJ©»ffiJKK«ig<0J£** 0 # 1 0 0 u m 
~C£>£ia^fc:, 5 0 0 MmilC7)S^CD + Cffi^6-C® 

&X%tc 0 

[0143] _blBCDcfc 5 tt#ffiK««HS4 0 CD/£gfc: J: 

S3 7 b^MgrO : LN8S1S3 6©-C«l©ii 
JitC^-TS^CC, H^3 7 b iMgO : L NjgJISS 

3 6ioratc*a^f4«:ia«^fiSurfcj:^. 

[0144] (m4<Dmmmim) ^mmmm^^x 
±^<omi^m3<Dmmnm^otc^m^m^x 

-rnmm^m^m^^m^^m^^m^^x, m 

[0145] mmR<o&m&&m&&mmuxmmzt& 

[oi46] ftmmmmwim^&m^vm&taz* m & 
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-r^ao— o <t & 0 r t, 0 

[0 147JBC, m^^ti^Ijii&^f^ * 10 

[ 0 1 4 8 ] *Ct\ ^IBO»SSKItJ6cWBflE&jS 
[oi49]iio nc^x. 4 i » % ifiBtVtflSAX 

«4 1 0 <h LTCO^-^^^ hCOMgO : LNfe B B li4 

4 3©*i6^rnI<5:*s««^ftC3&-5J:^«:i2S3*i, * 
afiftK4 3<D**:£tBT£««#£M*0 : LN8S4 

ytmm&4 3 omm (Mso : lnm b b 0 4 1 ocd 

3SI4 1 iac?4 12)«, JSffltK<3D»ffiSK**4 2 30 

4 1 <Df¥ffifi« 1 OmmiUc. 
[0150] UL±<D£ ^6C«fi8StiA:ifi«»3R^4 1 

[0151] **»84 3 * ^'J>^f 

taOMgO: LN3BR*fi4 1 0 ©^ffiCC T a ajR* 

Ltc±X\ COtKSROMff O : LN3BSSS4 1 0 40 

Cited:*). Mt^Ci^^. fflittf, 
4 3<7XI£5 Mm, ^^2#ftT<Di££ £ 2 . 5nm 
C(D<b£, Jg«3ti-6^»!«©»«SJ5R*ffi4 

<dt\ *«aa»4 3<h^»!3K©^ejs46*a4 2i^+ 
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J&fiRS5# tt . x * ^ > #y' a iz x J: 0 Sgai*^ 
<*Wtctt. ^JBi^i*3»iftK4 3i©PJOffi8ttt, 

o-io/im-c^ct^u^ m»tfitciz. mm 
tx<Dftm&$m&4 2& % mi (ommmmx^tc^m 

5>^J5j^g8# 3 u m . #^S^<D^W:frft<DjA# d 
[0152] MCC, _hiB<E> J; 5 IT ^Wt^cD^gJSK 

mm 4 2 soiiw 4 3 ofcatc % asft^i <t 

^SEtt&^Jc^tCMgO : LN8SHR4 1 0<D^ 

^4 i isw i 2*wm-?z> 0 ^©a, 

®4 1 1M4 1 2tc^/%"^ ^ U>y«lJ:orJgftreS± 

. ±iaojg:s4i»±j®iL/T«, s i o 2 m 
[oi5 3] c<Dj:5K:i^x&j&$titcyam'm&%m& 

ltCteOTfct, /^^^CC^j2. 5Mm07t 

[o 154] c<Dftm&&m&i&3mm*4 1 

i i ^c*5c^r . 4 4 «s i o cc^-r#««iBMiffisSJft 

4 5»«|)tBK(D^SSIE«fi k 4 6J**a» 
^§-C^>€> 0 &tc. 4 7ttU-1f36«, 4 8«U-1f^; 
^4 7^60U-1f7fe. 4 9 »*3KSBM?SaSI«R^ 
4 4tcj:^»^nsu-if*4 8 0iSsffifi*r*s. ^ 

fc, 5 0». U-1f*4 8«:7fea»JSa»4 6{CAS*-rSfc 

[0155] c<D£5teisxmf&2ntcmmm&£ytm 

O^^tcfc^r. 3t^8^«^»3R J F-4 4CD«Ftt 
1^8 0 0 %/WiBr*ofc««<t^B(i$*i t l 2 
— &^ffltt©a«RK«i£4 5 J: 0 , mm&MWl4 9 

[0156] HtC, m 1 <D9m&mxi&'<tc£ 5 tc, M 

so : LN&£kmm<Dttft?z^mtrc^tt&itmis* 
^■r^c<b^r^i, 0 c<D<fc5tcbrjgjs$nssSi3 

/zm-C/^5 2 a m«Ji<Z)S»ltR©»aSte«S«:*Iffl'r 
*C4fcJ:9, SI 1 {cSr**8WSffift^*^ 4 
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U fro, *3BiSa84 6©R®i^fiSKSP»4 5i© 

^ . MttetfiXfOtZ^ mmtsas&Mmtox 1 8 o o % 

tH»iS4 5CcJ:ot\ ta»iSii^4 9CD^E^0*. 
[0157] MCC, «i^ H B B«atMgO : L 

^^mm&m^z&mm&m^&i'EWi-rzc <hfrnj 

[0158] StOtt, _LIS<Z)J: 5 ft*3M8B8S<3C>ifcBX 

3 cDHjfe^-c^ Lttmc$£-i r z * ^ h mmc 
mmwD&wxsmm&mi£is. zti*mmi>x®&m 

tern** B12«, ^(DJz^lCLxm 

m%mx$>*> 0 20 

[0159)112 (,Ctel,>X , 5 1 fcfc, ^^m^BlS 
g5 10i UTOMgO : LNM H B a lg5 1 OtCfHSS 
n/c^^l/ ^jfig^gaS^T* 1 52 ««»IKC!>#ffi 
S3fc«§j£-C£>&„ C<Dt$. MsO : LN*6BS«5 1 

oomms i iM5 i 2«, mmvxDft&fxjfm&s 
o : lnm5 i o tmrnmsmtmicj:*). 

fftfrfrfon*. Sfi^»©tt*iUT»e>tlA:*«, S 30 
a^S^5 1 0(DffeCD^ffi5 1 2^e>ffit*$n^o 

[0160] Ja±©J:^^*JSE$n^<;U^S2jS^fft 
3^5 1 JCOOT, J^T"C-€-©»^*^-5. 

[0161] JSffltt©#ffiK!E«fcfi5 2^I3©» 

&i, ^»3Mm, ^fiSjSKfil. 5 Mm, M'Wl 
00MmX500/2 m J^±<^MtR<2^— &/lM£<D5>^ 

2©Sffl#fr«h«tfSiete&*<fc5teMgO : L NfeU, 40 

mms i o®a5 1 ims i 2&wm-?z>o 

tc, J*;*;, £U >^&c<J;?K W^^ti/c^®5 1 ISO' 
5 1 2CcS*fB6fjJt« (ARn-F) ^Mlt. 

-So 

[0162] C ^jfcB^IMR^ 5 1 £JBl>T. 

icfec^r . 5 3 um 1 2 ic^k-r^jv^m^^^^m^x 50 
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5 4»H»K<0»ffijRte«Jir*-5. 5 5 

tf*®, 5 6«W-1f3t^5 5^6CDU-1f^:, 
5 7 ^<iU^attSXWR-T-5 3 CCfc «Jf#6*l& U-lf 
*5 6 <Dif5Pli£-e 5 8&i, U— ff5fe5 6* 

MjU*attSXiHR?>5 3<DMgO : LN«hftSfi<D« 

[0163] C©J:^CCUT*JER3ti/ciSSi«»^3feaS 

8 0 o%/wmmx$> ~?tctmitm&nm&. 1200 

OnmJWTtefflliLSCifr 
[0164] ^ll«S B a B ISi UMg O : L 

^^^ft^i^IT^Ml-^c <tfrpj 

[0165] 

[*9J©J8«] £LhOJ:5K:, *«WCCJ:n«, HWEP 

&mf&o, cHzoimmi&ftLxnmiiim&r >>ct 

«ffitc#ffi^5^«!ft^<fc*«:iaH-r-5SS«fe. Wit 3 ft 
£ 0 cftfcKUztK «WEP*d«fCc*d 
^*»«#feS»«©«»lR««:^ei«:ffi«-re C £ fr 

tmaJitfLtsft*. 
[oi66]$fc, «is««*a»«a>»ioi-r* 200 

&C&£ 0 ^-^B^tCji, CO^ffi9UPJ<D|UIfi5ig:5 0 am-^ 
^r. S3^©4^_b&C*r-SC<t^X?#^ 0 

%jEmmm(omwfiu^o c<dtc#>. ^^^^ 
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[0169] J/c, **^<7>»SJSIE«atO»SE*ffiK: 
ctnti. ii«©»S«:Jt-<r««W?aa*si§c»}B[*aRSS 
ttSBtcfe. ^SS<S«JS4:?BJi6-rSC<b Office a 

CtifcJ:*), 3cffltt»«<Z>*fflCC«um-H»l 0 m 
mO»$T?wao5S^ttJ|gSBI^«-r £ C i^pjfg 20 

[0170] IK, *^&C<fctl«, «s»«iffi<fca 

[0171]$^ ^mittc^Ltcftw&mmmmm 
jm&mi<>xftm&mM%t^»mi L *{'EM'tz cite 

mmomf&fitnjfilttcrjiz. comm. saeecjt^-r, ^ 
w^«/j^<ojftsaaft^«s*aaiL/T. w^i 

mW©KPi«tH**«:»S C <£#"5JflBK:aS Q 40 

[oi72] *fc *mMit^i,tcfrmK&ffim<D%m 

^1 00wmx500 MmJ^±cDMt^cD^— temMVXD 

<h#Djffcfc:a£ e 

«HSttSflieiltMgO K-^L i N b 0 3 
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[SI] ( a > **^<0» 1 CDHlUBlKec«stt^ % 

( b ) « v < a ) * - Yffi*>6iyt»^©Kiar* 
[12] **!8<D*10SliSJBJ8K:*jc»r. ^I^te 

[^3] (a) at. 8e*co^HK«^»awffi©» 

*0 . ( b ) tt % 1 OliElK^o/c^ 

[04] *»Wo*2©gQ©gfi8«:*5iir, x*^S( 

BtsfttSASfitc. i^i— ^miftoftmxfaicmm.ztix 
^^^mM^m^x^m^^mm^m^r^tcisbcomn 

[0 5] *^©»2<DHigjg«o*scciiaaLr 1 ^ 

*m}<Dm2<Dnmmm<Djj&t,cM&ux. & 
m7] ^¥m<Dmz<Dmffi&mK.*>\,*x. xx? b& 

X*$>Z> 0 

[B8] (a) tt, **^©»3CDga«gSi«:MaL, 

imt<omi&<o—m*mi&mfcm?&mmx^ < b > 

fr*. (a) Yi^ei^OKiatAS. 
[09] (a) tt, 3 <3C^Sa^«8«:*5W&^ 

tn-fSmmxhn. (b) (a) ^-Y»f>l/c 

[010] *^oS4©ntfi»»ccaeorjBfiR3tis 
^^s«s^^^-o«fiR^«awtc^-r0*r* 

[011] *^©»4<OlBSfiJB«8{CfcC»r. 01 00 

[012] *mA<Dm4<DmMmmitu~?xmf&2ti2> 
im 1 3 ] ytftw<Dn4<Dmmmmic*$t,*x. 112© 
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1, 7. 1 3, 1 9, 25, 3 1, 3 6, 5 9 Ms 
3, 8, 9, 1 5, 1 7, 28, 32 b, 37b, 61 



4, 2 1, 27, 3 3, 3 8, 6 3 

5, 10, 18, 22, 29, 34, 39, 64 KM 

6, 23, 30, 35, 40, 65 #«JE«HfiS 

1 1 

12,24 frmJifa 

2 0, 2 6, 32 IS^f 

2, 14, 16, 20a, 26a, 32a, 3 7a, 6* 
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* o mmm 

20b, 26b TsY^A V'Wm 

41,44 ^m6am»ss»*^ 
42, 45, 52, 54 mm&<DftWx$mm 
4 3,4 6 jtmmm 

4 7,5 5 Is—Vytffi 
4 8, 5 6 U — ¥3t 

49,57 nwmt 

50, 5 8 */*:/';>^U>X 

io 51,53 ^)\,zm&mc8m* 
e 2 mm&m 

410, 510 temm&teMimm 

411, 412, 511, 512 &mm&igig§ 1 mwi(D 



L 1 , L 2 , L 3 

a mmmm 3 7 a <t us 3 7 b <t ^r^oieg-r no a 
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